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METHOD OF FABRICATING PATTERN
STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This US non-provisional patent application claims prior-
ity under 35 USC § 119 to Korean Patent Application No.

10-2015-0069384, tiled on May 19, 2013, the entirety of
which 1s hereby incorporated by reference.

BACKGROUND

1. Field

Some example embodiments of the present disclosure
relate to methods of fabricating a pattern structure and/or to
methods of fabricating a pattern structure with improved
reliability and integration density.

2. Description of the Related Art

Due to their smaller size, multifunctionality, and/or rela-
tively low-cost characteristics, semiconductor devices have
been used 1n the electronics industry. However, integration
density of semiconductor devices continues to increase with
the advance i the electronics industry, which results in
various problems. For example, due to increased integration
density of a semiconductor device, width and/or spaced
distance of patterns 1n the semiconductor device decreases
while height and/or aspect ratio of the patterns increases.
Accordingly, distribution of a deposition process and/or an
etch process of thin films are deteriorated, thereby decreas-
ing reliability of the semiconductor device.

SUMMARY

Some example embodiments of the present disclosure
relate to methods of fabricating a relatively highly integrated
pattern structure with improved reliability.

According to some example embodiments of the mven-
tive concepts, a method of fabricating a pattern structure
includes forming mask patterns on an etch target layer, the
mask patterns spaced apart from each other by at least one
opening, filling the opening with a block copolymer material
including first and second polymer blocks of diflerent prop-
erties, and annealing the block copolymer maternial to form
first patterns and second patterns, the first patterns in contact
with facing sidewalk of adjacent ones of the mask patterns,
respectively, and at least one of the second patterns between
the first patterns, the first patterns including the first polymer
blocks and the second patterns including the second polymer
blocks.

In some example embodiments, a width of the opeming
may be smaller than or equal to a length of a unit of a block
sequence 1n the block copolymer material, the block
sequence including the first polymer block-the second poly-
mer block-the second polymer block-the first polymer block.

In some example embodiments, the first polymer block-
the second polymer block-the second polymer block-the first
polymer block may be arranged sequentially from one of the
facing sidewalls of the adjacent mask patterns to another of
the facing sidewalls of the adjacent mask patterns in a
hornizontal direction.

In some example embodiments, each of the mask patterns
may be hydrophobic, each of the first patterns may be
hydrophobic, and the second patterns may be hydrophilic.

In some example embodiments, the block copolymer
material may include polystyrene-block-polymethylmeth-

acrylate (PS-b-PMMA), the first polymer block may include
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2

polystyrene (PS), and the second polymer block may include
polymethylmethacrylate (PMMA).

In some example embodiments, the method may further
include selectively removing the second patterns, and etch-
ing the etch target layer using the first patterns and the mask
patterns as etch masks to form the pattern structure.

In some example embodiments, the block copolymer
material may include polystyrene-block-polydimethylsilox-
ane (PS-b-PDMS), the first polymer blocks may include
polystyrene (PS), and the second polymer blocks may
include polydimethylsiloxane (PDMS).

In some example embodiments, the method may further
include forming a neutral layer on the block copolymer
material and the mask patterns before annealing the block
copolymer material.

In some example embodiments, the method may further
include removing the first patterns and the mask patterns,
and etching the etch target layer using the second patterns as
an etch mask to form the pattern structure.

In some example embodiments, each of the mask patterns
may extend in one direction, widths of the mask patterns
may be equal to each other, and the openming may 1nclude a
first opening having a first width and a second opening
having a second width smaller than the first width.

In some example embodiments, the first width may be
equal to a length of the unit of a block sequence 1n the block
copolymer material, the block sequence including the first
polymer block-the second polymer block-the second poly-
mer block-the first polymer block 1n the block copolymer
block.

In sonic example embodiments, surfaces of the mask
patterns are hydrophilic, and the method may further include
hydrophobically modifying surfaces the hydrophilic sur-
faces of the mask patterns.

In some example embodiments, each of the first patterns
may be hydrophobic, and the second patterns may be
hydrophilic.

According to other example embodiments of iventive
concepts, a method of fabricating a pattern structure includes
forming a mask layer on an etch target layer, forming a
sacrificial pattern on the mask layer extending in a first
direction, the sacrificial pattern having a linear structure of
a first width, forming spacers on sidewalls of the sacrificial
pattern to define a first opening exposing a top surface of the
mask layer, the first opening having a second width different
from the first width, removing the sacrificial pattern to form
a second opening having the first width, etching the mask
layer using the spacers as etch masks to form mask patterns,
the mask patterns defining a third opening having the first
width and a fourth opening having the second width, filling
cach of the third and fourth opemings with a block copolymer
material including first and second polymer blocks of diit-
ferent properties, and annealing the block copolymer mate-
rial to form first patterns and second patterns, the first
patterns 1n contact with facing sidewalk of adjacent ones of
the mask patterns, respectively, and at least one of the
second patterns between the first patterns, the first patterns
including the first polymer blocks and the second patterns
including the second polymer blocks.

According to yet other example embodiments, a method
includes forming a block copolymer layer between adjacent
mask patterns, the block copolymer layer including first
polymer blocks and second polymer blocks different from
the first polymer blocks, and annealing the block copolymer
layer 1in order to form first polymer block patterns and at
least one second polymer block pattern, the first polymer
block patterns at respective sidewalls of the adjacent mask
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patterns and the second polymer block pattern between the
first polymer block patterns, the first polymer block patterns
including the first polymer blocks and the second polymer
block pattern including the second polymer blocks.

In yet other example embodiments, the block copolymer
layer may be formed in a trench between the adjacent mask
patterns, and the trench may have a width that 1s smaller than
or equal to a length of a unit of a block sequence of the block
copolymer layers, the block sequence including the first
polymer block-the second polymer block-the second poly-
mer block-the first polymer block.

In yet other example embodiments, the first polymer
block-the second polymer block-the second polymer block-
the first polymer block of the block sequence are arranged
sequentially from one of the sidewalls of the adjacent mask
patterns to another of the sidewalls of the adjacent mask
patterns in a horizontal direction.

In yet other example embodiments, the method may
turther include forming the mask patterns on an etch target
layer, selectively removing the second polymer block pat-
tern after the annealing, and etching the etch target layer
using the first polymer block patterns and the mask patterns
as etch masks to form the pattern structure.

In yet other example embodiments, the method may
turther include forming the mask patterns on an etch target
layer, removing the first polymer block patterns and the
mask patterns after the annealing, and etching the etch target
layer using the second polymer block pattern as an etch
mask to form the pattern structure.

In yet other example embodiments, the method may
turther include forming a neutral layer on the block copo-
lymer layer and the mask patterns before the annealing.

BRIEF DESCRIPTION OF THE DRAWINGS

Some example embodiments of mventive concepts will
become more apparent 1n view of the attached drawings and
accompanying detailed description. The example embodi-
ments depicted therein are provided by way of example, not
by way of limitation, wherein like reference numerals refer
to the same or similar elements. The drawings are not
necessarily to scale, emphasis instead being placed upon
illustrating aspects of some of the example embodiments of

the 1nventive concepts.

FIG. 1, FIGS. 2A and 2B, and FIG. 3 illustrate a block
copolymer.

FIGS. 4 to 8 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

FIGS. 9 to 13 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

FIGS. 14 to 17 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

FIGS. 18 to 22 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

FIGS. 23 and 24 are cross-sectional views illustrating a
semiconductor device according to some example embodi-
ments ol iventive concepts.

FIG. 25 15 a block diagram illustrating an example of an
clectronic system including a semiconductor device fabri-
cated according to some example embodiments of inventive
concepts.
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FIG. 26 1s a block diagram of a memory card including a
semiconductor device fabricated according to some example
embodiments ol iventive concepts.

DETAILED DESCRIPTION

The advantages and features of the example embodiments
of the mventive concepts and methods of achieving them
will be apparent from the following example embodiments
that will be described in more detail with reference to the
accompanying drawings. It should be noted, however, that
the inventive concepts are not limited to the following
example embodiments, and may be implemented 1n various
forms. Accordingly, the example embodiments are provided
only to disclose the inventive concepts and let those skilled
in the art know the category of the inventive concepts.

It will be understood that when an element 1s referred to
as being “on,” “connected” or “coupled” to another element,
it can be directly on, connected or coupled to the other
clement or intervening elements may be present. In contrast,
when an element 1s referred to as being “directly on,”
“directly connected” or “directly coupled” to another ele-
ment, there are no mtervening elements present. As used
herein the term “and/or” includes any and all combinations
of one or more of the associated listed items. Further, 1t will
be understood that when a layer 1s referred to as being
“under” another layer, 1t can be directly under or one or more
intervening layers may also be present. In addition, 1t will
also be understood that when a layer 1s referred to as being
“between” two layers, 1t can be the only layer between the
two layers, or one or more intervening layers may also be
present.

Example embodiments will be described below with
reference to Toss-sectional views, which are example draw-
ings of the inventive concepts. The example drawings may
be modified by manufacturing techniques and/or tolerances.
Accordingly, the example embodiments are not limited to
specific configurations shown 1n the example drawings, and
include modifications based on the example method of
manufacturing the semiconductor device. For example, an
ctched region shown at aright angle may be formed 1n a
rounded shape or formed to have a given (or alternatively,
predetermined) curvature. Therefore, regions shown in the
drawings have schematic characteristics. In addition, the
shapes of the regions shown in the example drawings
exemplily specific shapes of regions in an element, and do
not limit the inventive concepts. Though terms like a first, a
second, and a third are used to describe various elements 1n
various example embodiments of the inventive concepts, the
clements are not limited to these terms. These terms are used
only to tell one element from another element. An example
embodiment described and exemplified herein includes a
complementary embodiment thereof.

The terms used in the specification are for the purpose of
describing particular embodiments only and are not intended
to be limiting of the mventive concepts. As used i1n the
specification, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises” and/or “comprising”’, when
used 1n the specification, specily the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

It will be understood that, although the terms *“first”,
“second”, etc. may be used herein to describe various
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clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of example embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are mtended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein iterpreted accordingly.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further
understood that terms, such as those defined 1n commonly-
used dictionaries, should be interpreted as having a meaning,
that 1s consistent with theirr meaning 1n the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein. As
used herein, expressions such as “at least one of,” when
preceding a list of elements, modily the entire list of
clements and do not modily the individual elements of the
l1st.

Although corresponding plan views and/or perspective
views ol some cross-sectional view(s) may not be shown,
the cross-sectional view(s) of device structures illustrated
herein provide support for a plurality of device structures
that extend along two different directions as would be
illustrated 1n a plan view, and/or in three different directions
as would be illustrated 1 a perspective view. The two
different directions may or may not be orthogonal to each
other. The three different directions may include a third
direction that may be orthogonal to the two different direc-
tions. The plurality of device structures may be integrated in
a same e¢lectronic device. For example, when a device
structure (e.g., a memory cell structure or a transistor
structure) 1s illustrated 1n a cross-sectional view, an elec-
tronic device may include a plurality of the device structures
(e.g., memory cell structures or transistor structures), as
would be 1llustrated by a plan view of the electronic device
The plurality of device structures may be arranged in an
array and/or in a two-dimensional pattern.

Hereinaliter, some example embodiments of the inventive
concepts will now be described more fully with reference to
accompanying example drawings.

FIG. 1, FIGS. 2A and 2B, and FIG. 3 illustrate a block
copolymer.

Referring to FIG. 1, a block copolymer 1s a polymer
including two or more polymer blocks connected to each
other through a covalent bond. For example, the block
copolymer may include a first polymer block and a second
polymer block that may comprise different monomers and
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have diflerent chemical properties. For example, the first
polymer block may be hydrophilic while the second polymer
block may be hydrophobic.

Hereinatter, a block sequence of a first polymer block
(A-1)-a second polymer block (B-1)-a second polymer block
(B-2)-a first polymer block (A-2) will be defined as a single
unit. The length of the single unit will be referred to as umit
length L0 of a block copolymer. Within the unit length L0
of the block copolymer, a single first polymer block unit
(A-1) and a single second polymer block (B-1) may be
covalently bonded to each other, a second polymer block
(B-2) having the same chemical properties as the second
polymer block (B-1) may be bonded to the side of the second
polymer block (B-1), and a first polymer block (A-2) may be
covalently bonded to the side of the second polymer block
(B-2).

Referring to FIG. 2A, the block copolymer may be a state
in which the first and second polymer blocks are mixed
disorderly. Referring to FIG. 2B, when the block copolymer
1s annealed, the annealed block copolymer may be seli-
assembled to first block parts (A) including the first polymer
block and second block parts including the second polymer
block (B).

Referring to FIG. 3, the first and second polymer blocks
(A and B) may be self-assembled to a spherical, cylindrical
or lamellar structure according to a molar volume ratio
between the first and second polymer blocks (A and B). For
example, when the first polymer block (A) and the second
polymer block (B) have a similar molar volume ratio, the
first polymer block (A) and the second polymer block (B)
may be sequentially stacked to form a lamellar structure that
1s a layered structure.

When the molar volume ratio of the second polymer block
(B) increases, the first polymer block (A) may form a
regularly arranged cylindrical structure and the second poly-
mer block (B) may form a matrix structure to cover the
cylindrical structure.

When the molar volume ratio of the second polymer block
(B) further increases, the first polymer block (A) may form
a regularly arranged spherical structure and the second
polymer block (B) may form a matrix structure to cover the
spherical structure. A reverse phenomenon may occur as the
molar volume ratio of the first polymer block (A) increases.

Example embodiments of inventive concepts are aimed to
fabricate a pattern structure having a width greater than a
critical dimension (CD) that may be mmplemented 1n a
photolithography process or a double pattern technology
(DPT) process using properties of a copolymer forming a
lamellar structure.

FIGS. 4 to 8 are cross-sectional views illustrating a
method of fabricate a pattern structure according to some
example embodiments of mventive concepts,

Referring to FIG. 4, mask patterns 110 may be formed on
an etch target layer 100.

The mask patterns 110 may include a matenial having an
etch selectivity with respect to the etch target layer 100.

According to an aspect, the etch target layver 100 may
include one of a semiconductor material, a conductive
material, and an 1insulating material or a combination
thereof. In some example embodiments, if the etch target
layer 100 1includes the semiconductor matenal, the etch
target layer 100 may be a semiconductor substrate or an
epitaxial layer. Alternatively, the etch target layer 100 may
include crystalline silicon, amorphous silicon, doped silicon,
silicon germanium or a carbon-based material. In some
example embodiments, if the etch target layer 100 1includes
the conductive matenial, the etch target layer 100 may
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include doped polysilicon, metal silicide, metal, metal
nitride or a combination thereof. In some example embodi-
ments, 1i the etch target layer 100 includes the insulating
matenal, the etch target layer 100 may include silicon oxide,
silicon nitride, silicon oxynitride or a low-k dielectric mate-
rial.

The mask patterns 110 may include a plurality of open-
ings 112 and 114 to expose a top surface of the etch target
layer 100. In some example embodiments, each of the mask
patterns 110 may have a line structure extending in one
direction and the mask patterns 110 may be parallel to each
other. The mask patterns 110 may have substantially the
same width MWT,

Spaced distances between the mask patterns 110 may be
substantially equal to each other. Alternatively, the spaced
distances between the mask patterns 110 may be different
from each other. That 1s, widths of the opemings 112 and 114
may be substantially equal to each other or substantially
different from each other. In FIG. 4, the widths of the
openings 112 and 114 are different from each other. In
addition, a width of each of the opemings 112 and 114 may
be smaller than or substantially equal to the unit length 1.0
of the block copolymer 1n FIG. 1. Specifically, the openings
112 and 114 may include a first opeming 112 having a first
width WT1 and a second opening 114 having a second width
WT2 smaller than the first width WT1. The first width WT1
may be substantially equal to the unit length 1.0 of the block
copolymer in FIG. 1.

The mask patterns 110 may include one of carbon-based
spin on hardmask (C—SOH) and silicon-based SOH (S1—
SOH). In this case, the mask patterns may have a hydro-
phobic surface.

Referring to FIG. 5, the openings 112 and 114 may be
filled with a block copolymer material 120 on the etch target
layer 110.

The block copolymer material 120 may include at least
one selected from the group consisting of polystyrene-block-
polymethylmethacrylate (PS-b-PMMA), polystyrene-block-
polydimethylsiloxane (PS-b-PDMS), polybutadiene-block-
polybutylmethacrylate, polybutadiene-block-

polydimethylsiloxane, polybutadiene-block-
polymethylmethacrylate, polybutadiene-block-
polyvinylpyridine, polybutylacrylate-block-
polymethylmethacrylate, polybutylacrylate-block-
polyvinylpyridine, polyisoprene-block-polyvinylpyridine,

polyisoprene-block-polymethylmethacrylate, polyhexy-
lacrylate-block-polyvinylpyridine, polyisobutylene-block-
polybutylmethacrylate, polyisobutylene-block-polymethyl-

methacrylate, polyisobutylene-block-
polybutylmethacrylate, polyisobutylene-block-
polydimethylsiloxane, polybutylmethacrylate-block-
polybutylacrylate, polyethylethylene-block-
polymethylmethacrylate, polystyrene-block-
polybutylmethacrylate, polystyrene-block-polybutadiene,
polystyrene-block-polyisoprene,  polystyrene-block-poly-
dimethylsiloxane, polystyrene-block-polyvinylpyridine,

polyethylethylene-block-polyvinylpyridine, polyethylene-
block-polyvinylpyridine, polyvinylpyridine-block-polym-
cthylmethacrylate, polyethyleneoxide-block-polystyrene,
polyethyleneoxide-block-polybutadiene, polyethyleneox-
ide-block-polystyrene, polyethyleneoxide-block-polymeth-
yvlmethacrylate, polyethyleneoxide-block-polydimethylsi-
loxane, poly styrene-block-polyethyleneoxide, polystyrene-
block-polymethylmethacrylate-block-polystyrene,
polybutadiene-block-polybutylacrylate-block-polybutadi-
ene, polybutadiene-block-polydimethylsiloxane-block-
polybutadiene, polybutadiene-block-polymethylmethacry-
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late-block-polybutadiene, polybutadiene-block-
polyvinylpyridine-block-polybutadiene, polybutylacrylate-
block-polymethylmethacrylate-block-polybutylacrylate,
polybutylacrylate-block-polyvinylpyridine-block-polybuty-
lacrylate, polyisoprene-block-polyvinylpyridine-block-
polyisoprene, polyisoprene-block-polymethylmethacrylate-
block-polyisoprene, polyhexylacrylate-block-
polyvinylpyridine-block-polyhexylacrylate,
polyisobutylene-block-polybutylmethacrylate-block-poly-
isobutylene, polyisobutylene-block-polymethylmethacry-
late-block-polyisobutylene, polyisobutylene-block-polybu-
tylmethacrylate-block-polyisobutylene,  polyisobutylene-
block-polydimethylsiloxane-block-polyisobutylene,
polybutylmethacrylate-block-polybutylacrylate-block-poly-
butylmethacrylate,  polyethylethylene-block-polymethyl-
methacrylate-block-polyethylethylene, polystyrene-block-
polybutylmethacrylate-block-polystyrene, polystyrene-
block-polybutadiene-block-polystyrene, polystyrene-block-
polyisoprene-block-polystyrene,polystyrene-block-
polydimethylsiloxane-block-polystyrene, polystyrene-
block-polyvinylpyridine-block-polystyrene,
polyethylethylene-block-polyvinylpyridine-block-polyethy-
lethylene, polyethylene-block-polyvinylpyridine-block-
polyethylene,  polyvinylpyridine-block-polymethylmeth-
acrylate-block-polyvinylpyridine, polyethyleneoxide-block-
polystyrene-block-polyethyleneoxide, polyethyleneoxide-
block-polybutadiene-block-polyethyleneoxide,
polyethyleneoxide-block-polystyrene-block-polyethylene-
oxide, polyethyleneoxide-block-polymethacrylate-block-
polyethyleneoxide, polyethyleneoxide-block-polydimethyl-
siloxane-block-polyethylencoxide, and polystyrene-block-
polyethyleneoxide-block-polystyrene. According to some
example embodiments of inventive concepts, the block

copolymer material 120 1s not limited to the above-men-
tioned materials.

After one of the above-mentioned materials 1s selected,
1.€., a selected block copolymer material 120 1s dissolved 1n
solvent, a block polymer layer 1s formed by means of spin
coating, etc. The solvent may be almost vaporized after the
spin coating.

According to example embodiments, the block copolymer
material 120 may be PS-b-PMMA. In this case, a molar
volume ratio between polystyrene (PS) and poly-methyl-
meta-acrylate (PMMA) may be 4:6 or 6:4. The unit length
.0 of a block copolymer of the PS-b-PMMA (see FIG. 1)
may be about 30 nm.

Referring to FIG. 6, the block copolymer material (or
layer) 120 may be self-assembled to first patterns 120q
including {first polymer blocks and second patterns 1205
including second polymer blocks by annealing the block
copolymer material 120. The annealing may include one of
solvent annealing, ultraviolet annealing, and thermal anneal-
ing.

When the block copolymer material 120 1s PS-b-PMMA,
cach of the first patterns 120 may include PS (hydrophobic)
and each of the second patterns 1206 may include PMMA
(hydrophilic). Thus, the first patterns 120a may be disposed
at a side surface of the hydrophobic mask patterns 110. A
second pattern 1205 may be disposed closely adjacent to the
respective lirst patterns 120aq.

As set forth above, the openings 112 and 114 may include
the first opening 112 having substantially the same width as
the unit length L.O of the block copolymer and the second
opening 114 having a second width WT2 smaller than the
first width WT1. As shown in FIG. 6, first pattern 120a-
second pattern 120b-second pattern 120b-first pattern 120aq
may be arranged horizontally in the first opening 112. The
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total horizontal length of the first pattern 120a-the second
pattern 1205-the second pattern 1205-the first pattern 120a
may be substantially equal to the unit length L0 of the block

copolymer (see FIG. 1). The first polymer blocks may be
vertically opposite to each other in the respective first
patterns 120aq, and the second polymer blocks may be
vertically opposite to each other in the respective second
patterns 1205.

The first pattern 120a-the second pattern 1205-the second
pattern 120b6-the first pattern 120a may also be arranged
horizontally in the first opening 112. Although the first
pattern 120a-the second pattern 120b-the second pattern

120b6-the first pattern 120a arranged 1n the first opeming 112
are a single unit of a block copolymer, their total horizontal

length may be smaller than the unit length L0 of the block
copolymer. In this case, PS of the first pattern 120a may be
shrunk as a polymer and a block copolymer corresponding
to the umt length L0 of the block copolymer may be
arranged even within a width smaller than the umit length L0
of the block copolymer.

As shown 1n FIG. 6, the second patterns 12056 disposed 1n
the first and second openings 112 and 114 having different
widths WT1 and WT2 may have substantially the same
width AW'T. Spaced distances between the second patterns
1206 may also be substantially equal to each other.

When the surfaces of the mask patterns 110 are modified
to be hydrophilic, the first patterns 120a cannot be arranged
on sidewalls of the mask patterns 110. Thus, the surfaces of
the mask patterns 110 may be made hydrophobic.

In some example embodiments, a material having a —OH
group such as PS—OH and 2-hydroxyethyl methacrylate
(HEMA) may be provided to the surfaces of the mask
patterns 110 to form a PS-brush layer (not shown) on a
hydrophilic surface through CO,H or Si—OH bond. The
first patterns 120a including PS may be arranged on the
hydrophilic surfaces of the mask patterns 110 by the PS
brush layer.

The PS—OH 1s represented by Formula (1), and the
HEMA 1s represented by Formula (2).

Formula (1)

HO/\/\/
F

N ‘ N ‘_I

oqPs
Ol ¢

HO

7

Formula (2)

Referring to FIG. 7, the second patterns 1206 may be
selectively removed to form etch patterns 130 including the
mask patterns 110 and the first patterns 120q. Third openings
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135 defined by the etch patterns 130 may be formed by
means ol a process of removing the second patterns 1205.
According to an aspect, the sum of widths of a single etch

pattern 130 and a single third opening 135 is called a pitch
PTC. Pitches PTC may be substantially equal to each other.

In some example embodiments, when the {first pattern
120a includes PS and the second patterns 1206 includes
PMMA, the second patterns 12056 may be removed by means
of a dry etch process using oxygen (O,). In sonic example
embodiments, after wrradiating deep ultraviolet (UV) to the
second pattern 12056, the second patterns 12056 may be
developed with 1sopropyl alcohol (IPA) or an acetone-based
material to be removed.

Referring to FIG. 8, the etch target layer 100 may be
ctched using the etch patterns 130 as etch masks to fabricate

a desired pattern structure.

The pattern structure may include a plurality of patterns
PT, widths PW'T of the patterns PT may be substantially
equal to each other, and spaced distances between the
patterns P1T may be substantially equal to each other.

FIGS. 9 to 13 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

Referring to FIG. 9, openings 112 and 114 defined by
mask patterns 110 formed on an etch target layer 100 may
be filled with a block copolymer material 120. The step of
forming the mask patterns 110 on the etch target layer 100
1s substantially identical to that described with reference to
FIG. 4 and will not be described in further detail.

In the example embodiments, the block copolymer mate-
rial 120 may be polystyrene-block-polydimethylsiloxane
(PS-b-PDMS). In this case, a molar volume ratio between
polystyrene (PS) and polydimethylsiloxane (PDMS) may be
4:6 or 6:4. The unit length L.O of the block copolymer of the
PS-b-PDMS (see FIG. 1) may be about 30 nm.

Referring to FIG. 10, a neutral layer 125 may be formed
on the mask patterns 110 filled with the block copolymer
material 120.

Due to properties of the PS-b-PDMS, during a subsequent
annealing process, it may be diflicult to achieve vertically
opposite arrangement of first polymer blocks 1n the respec-
tive first patterns 120a (see FIG. 11) and to achieve verti-
cally opposite arrangement of second polymer hocks 1n the
respective second patterns 1206 (see FIG. 11). Accordingly,
it may be easy to achieve vertically opposite arrangement of
the first polymer blocks in the respective first patterns 120a
and to achieve vertically opposite arrangement of the second
polymer blocks 1n the respective second patterns 125.

The neutral layer 1235 may include one of a self-assembled
monolayer (SAM), a polymer brush, and a cross-linked
random copolymer mat.

The self-assembled monolayer (SAM) may include at
least one selected from the group consisting of phenethyl-
trichlorosilane (PETCS), phenyltrichlorosilane (PTCS),
benzyltrichlorosilane (BZTCS), tolyltrichlorosilane
(T'TCS), 2-[(trimethoxysilyl)ethyl]-2-pyridine (PYRTMS),
4-biphenylyltrimethoxysilane (BPTMS), octadecyltrichlo-
rosilane (OTS), 1-naphthyltrimethoxysilane (NAPTMS),
1 -[(trimethoxysilyl)methyl|naphthalene (MNAITMS), and
(9-methylanthracenyl)trimethoxysilane (MANTMS).

The polymer brush may have a form 1 which a hydro-
philic polymer and a hydrophobic polymer are randomly
bonded to each other. The polymer brush may be called a
brush-type random copolymer. The polymer brush may be,
for example, polystyrenerandom-poly(methymethacrylate)

(PS-r-PMMA).
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The cross-linked random copolymer mat may be a ben-
zocyclobutene-tunctionalized polystyrene-r-poly(methacry-
late) copolymer including benzocyclobutene.

Referring to FIG. 11, the block copolymer maternial 120
may be self-assembled to the first patterns 120a and the
second patterns 1200 by annealing the block copolymer
material 120. The annealing may include one of solvent
annealing, ultraviolet annealing, and thermal annealing.

When the block copolymer material 120 1s PS-b-PMMA,
cach of the first patterns 120 may include PS (hydrophobic)
and each of the second patterns 12056 may include PMMA
(hydrophilic). Thus, the first patterns 120q may be disposed
at a side surface of the hydrophobic mask patterns 110. A
second pattern 1205 may be disposed closely adjacent to the
respective first patterns 120aq.

The openmings 112 and 114 may include the first opening
112 having substantially the same width as the unit length L0
of the block copolymer and the second opening 114 having
a second width W'T12 smaller than the first width WT1. As
shown 1 FIG. 11, the total horizontal length of the first
pattern 120a-the second pattern 1205b-the second pattern
120b6-the first pattern 120aq may be substantially equal to the
unit length L0 of the block copolymer (see FIG. 1). The first
polymer blocks may be vertically opposite to each other in
the respective first patterns 120a, and the second polymer
blocks may be vertically opposite to each other in the
respective second patterns 1205.

The first pattern 120a-the second pattern 1205-the second
pattern 120b-the first pattern 120a may also be arranged
horizontally in the first opening 112. Although the first
pattern 120a-the second pattern 1206-the second pattern
120b6-the first pattern 120a arranged 1n the first opeming 112
are a single unit of a block copolymer, their total horizontal
length may be smaller than the unit length L0 of the block
copolymer. In this case, PS of the first pattern 120aq may be
shrunk as a polymer and a block copolymer corresponding
to the umt length L0 of the block copolymer may be
arranged even within a width smaller than the unmit length L0
of the block copolymer.

As shown 1n FIG. 11, the second patterns 1205 disposed
in the first and second openings 112 and 114 having different
widths WT1 and W12 may have substantially the same
width AWT.

When the surfaces of the mask patterns 110 are modified
to be hydrophilic, a PS-brush layer (not shown) may be
formed on the surfaces of the mask patterns 110. The step of
forming the PS-brush layer has been described above and
will not be described 1n further detail.

Referring to FIG. 12, the second patterns 1200 may be
allowed to remain by selectively removing the first patterns
120a and the mask patterns 110.

Spaced distances SP between the second patterns 12056
may be substantially equal to each other. In the example
embodiments, the second patterns 1205 may include PDMS.

In case of PS-b-PMMA, an etch selectivity of PMMA
(second pattern 1205) 1s higher than that of PS (first pattern
120a) and both the PS and the PMMA are organic polymers.
Accordingly, 1t may be difficult to selectively remove only
the PMMA.

However, since the PDMS includes silicon (S1), the
silicon of the PDMS may be bonded to oxygen (O,) to
modity PDMS of the second patterns 1205 into S10, while
the PS and the mask patterns 110 are removed by means of
a dry etch process using the oxygen (O,).

Referring to FIG. 13, the etch target layer 100 may be
ctched using the second patterns 1206 as etch masks to
tabricate a desired pattern structure.
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The pattern structure may include a plurality of patterns
PT, widths PW'T of the patterns PT may be substantially
equal to each other, and spaced distances between the
patterns PT may be substantially equal to each other. In
addition, width PW'T of each pattern of the pattern structure
may be smaller than the width MW'T of each of the mask
patterns 110 (see FIG. 9).

FIGS. 14 to 17 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

Referring to FI1G. 14, mask patterns 110 may be formed on
an etch target layer 100. The mask patterns 110 may include
a plurality of openings 115, 116, and 117 to expose a top
surface of the etch target layer 100.

In the example embodiments, widths MWT of the mask
patterns 110 may be equal to each other but spaced distances
WT1, W12, and WT3 between the mask patterns 110 may
be different from each other. That 1s, the openings 115, 116,
and 117 may include a first opening 115 having width WT1
smaller than unit length L0 of a block copolymer, a second
opening 116 having width W12 greater than the umt length
L.0 of the block copolymer, and a third opening 117 having
substantially the same width WT3 as the unit length LO of
the block copolymer. The second opening 116 may have a
width that 1s double the umit length L0 of the block copo-
lymer.

Retferring to FIG. 15, after filling the openings 1135, 116,
and 117 with a block copolymer material 120, they may be
annealed to form first patterns 120q and second patterns
12056 1n the respective openings 115, 116, and 117.

In some example embodiments, the block copolymer
material 120 may be PS-b-PMMA. In this case, the first
patterns 120q may include PS and the second patterns 12056
may include PMMA.

In some example embodiments, the block copolymer
material 120 may be PS-b-PDMS. In this case, the first
patterns 120q may include PS and the second patterns 12056
may include PDMS. Prior to the annealing, a neutral layer
125 see FI1G. 10) may be further formed.

As mentioned above, in each of the first and third open-
ings 115 and 117, first pattern 120a-second pattern 1205-
second pattern 1205-first pattern 120a corresponding to the
unit length LO of the block copolymer may be vertically
opposite to be arranged horizontally. In the second opening
114, first pattern 120a-second pattern 1205-second pattern
120b6-first pattern 120a corresponding to double the unit
length 1.0 of the block copolymer may be vertically opposite
to be arranged horizontally. As described imn FIG. 15, the
second opening 114 has a width that 1s double the length L0
of the block copolymer. However, some example embodi-
ments ol iventive concepts are not limited to the descrip-
tion.

Reterring to FIG. 16, when the block copolymer material
120 1s PS-b-PMMA, only the second patterns 120 may be
selectively removed and then the etch target layer 100 may
be etched using etch patterns 130 including the first patterns
120a and the mask patterns 110 as etch masks to fabricate a
pattern structure P1.

Referring to FIG. 17, when the block copolymer material
120 1s PS-b-PDMS, the first patterns 120q and the mask
patterns 110 may be removed and then the etch target layer
110 may be etched using the second patterns 1205 as etch
masks to fabricate a pattern structure PT.

The omitted explanations of the example embodiments
may refer to the explanations in FIGS. 1 to 13.
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FIGS. 18 to 22 are cross-sectional views illustrating a
method of fabricating a pattern structure according to some
example embodiments of mventive concepts.

Referring to FIG. 18, a mask layer 135 and sacrificial
patterns 160 may be sequentially formed on an etch target
layer 150.

The etch target layer 150, the mask layer 155, and the
sacrificial patterns 160 may include different materials. The
etch target layer 150 may include a material having an etch
selectivity with respect to the mask layer 135, the mask layer
155 may include an etch selectivity with respect to the etch
target layer 150 and the sacrificial patterns 160, and the
sacrificial patterns 160 may include a material having an
etch selectivity with respect to the mask layer 155.

The etch target layer 150 may include one of a semicon-
ductor material, a conductive material, and an insulating
material or a combination thereof. In some example embodi-
ments, 1f the etch target layer 150 includes the semiconduc-
tor material, the etch target layer 150 may be a semicon-
ductor substrate or an epitaxial layer. Alternatively, the etch
target layer 150 may include crystalline silicon, amorphous
s1licon, doped silicon, silicon germanium or a carbon-based
material. In some example embodiments, i1 the etch target
layer 100 includes the conductive material, the etch target
layer 150 may include doped polysilicon, metal silicide,
metal, metal nitride or a combination thereof. In some
example embodiments, 1f the etch target layer 150 includes
the insulating material, the etch target layer 150 may include
silicon oxide, silicon mitride, silicon oxynitride or a low-k
dielectric matenial.

The mask layer 155 may include one of carbon-containing
SOH (C—SOH) and silicon-containing SOH (S1—SOH).

Each of the sacrificial patterns 160 may include one of a
photoresist material and an SOH material. Alternatively, the
sacrificial patterns 160 may include one selected from the
group consisting of silicon-containing materials such as
polysilicon, S1ON, S1,N,, and S1CN. Each of the sacrificial
patterns 160 may be a linear structure extending in one
direction, and the sacrificial patterns 160 may be parallel to
cach other.

Referring to FIG. 19, spacers 165 having the same width
WT1 may be formed on both sidewalls of each of the
sacrificial patterns 160.

More specifically, a spacer layer (not shown) may be
conformally formed on the mask layer 155 and the sacrificial
patterns 160. The spacer layer may include a maternial having
an etch selectivity with respect to the mask layer 155 and the
sacrificial patterns 160. For example, the spacer layer may
include at least one of silicon oxide, silicon nitride, and
silicon oxynitride.

The spacer layer may be anisotropically etched to form
spacers 165 having a first width WT1 on both sidewalls of
cach of the sacrificial patterns 160. The spacers 165 may also
extend 1n the same direction as the sacrificial pattern 160.

In the example embodiments, the sacrificial patterns 160
and the spacers 165 must be formed to have the same width
WT1. However, as a critical dimension (CD) of the sacri-
ficial patterns 160 decreases, a width of the sacrificial pattern
160 1s made smaller than the first width WT1 of the spacers
165 to decrease a distance between a single spacer 1635 and
an adjacent single sacrificial pattern 160, which 1s called
“pitch waking”.

Hereinafter, the critical dimension of the spacer 165 will
be referred to as a first width W11 and the critical dimension
of the sacrificial pattern 160 will be referred to as a second
width WT2. The second width W12 may be smaller than the
first width WT1. Width of a portion where the sacrificial
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pattern 160 1s not formed, 1.e., width of a space between
spacers 1635 facing each other may be substantially equal to
the first width WT1. Hereinaftter, the space will be referred
to as a first opening 170. When the pitch walking does not
occur, the spacers 165 may be spaced apart from each other
by the first width WT1 by the sacrificial pattern 160 or the
space.

Referring to FIG. 20, the sacrificial patterns 160 may be
selectively removed such that second opemings 172 are
formed to expose a top surface of the mask layer 155 by the
second width WT2.

The first opening 170 may have the first width WT1, and
the second opeming 172 may have the second width W12
smaller than the first width WT1. Thus, spaced distances
between the spacers 165 may be different from each other.

Retelling to FIG. 21, the mask layer 155 may be etched
using patterns of the spacer 165 as etch masks to form mask
patterns 173.

The mask patterns 175 may have a structure correspond-
ing to the patterns of the spacer 165. That 1s, each of the
mask patterns 175 may extend 1n the one direction and the
mask patterns 175 may be parallel to each other. Each of the
mask patterns 175 may have the first width WT1. Each of the
first and second openings 172 and 172 may extend to a space
between the mask patterns 175.

The mask patterns 175 may include an SOFT material to
intrinsically have a hydrophobic property. However, the
mask patterns 175 may have a hydrophilic property because
an etch process of the mask layer 155 1s conventionally
performed as a dry etch process using oxygen and the
oxygen may bonded to carbon or silicon of the mask patter
175.

Referring to FIG. 22, after the patterns of the spacer 165
are removed, the first and second openings 112 and 114
between the mask patterns 175 may be filled with the block
copolymer material 180.

In a subsequent process, a desired pattern structure may
be fabricated by means of the process described with refer-
ence to FIGS. 4 to 8 or the process described with reference
to FIGS. 9 to 13.

FIGS. 23 and 24 are cross-sectional views illustrating a
semiconductor device according to some example embodi-
ments of 1ventive concepts.

Referring to FIGS. 23 and 24, the semiconductor device
may include a substrate 200/301 and a pattern structure
disposed on the substrate 200/301.

The substrate 200/301 may include a cell region 1n which
memory cells are disposed and a peripheral circuit region
formed adjacent to the cell region. The peripheral region
may include logic patterns for the memory cells or mput/
output (I/0) patterns to mput/output an electrical signal to
the memory cells. In the example embodiments, the pattern
structure may be fabricated in the peripheral region.

The pattern structure may include patterns 210/311 of a
linear structure extending in one direction. The patterns
210/311 may be parallel to each other, and the patterns
210/311 may have substantially the same width WT. In some
example embodiments, spaced distances SP between the
patterns 210/311 may be substantially equal to each other. In
some example embodiments, the spaced distances SP

between the patterns 210/311 may be different from each
other. Each of the patterns 210/311 may be formed by means
of the process described with reference to FIGS. 4 to 8 or the
process described with reference to FIGS. 9 to 13.
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In some example embodiments, the pattern structure may
include a plurality of metal interconnections 210 that extend
in one direction and are parallel to each other, as shown 1n
FIG. 23.

In some example embodiments, the pattern structure may
include a device isolation layer 305 to define fin active
patterns 311 and a gate structure 307 intersecting the device
isolation layer 305. A top surface of each of the fin active
patterns 311 may be higher than that of the device 1solation
layer 305. In the example embodiments, the patterns may
correspond to the fin active patterns 311.

FIG. 25 15 a block diagram illustrating an example of an
clectronic system including a semiconductor device fabri-
cated according to some example embodiments of inventive
concepts.

Referring to FIG. 25, an electronic system 1100 may
include a controller 1110, an 1input/output (I/0) device 1120,
a memory device 1130, an interface 1140, and a bus 1150.
The controller 1100, the I/O device 1120, the memory device
1130, and/or the interface 1140 may be connected to each
other via the bus 1150. The bus 1150 corresponds to a path
along which data are transmitted.

The controller 1110 may include at least one of a micro-
processor, a digital signal processor, a microcontroller, and
logic elements capable of performing similar functions to
those of a microprocessor, a digital signal processor and a
microcontroller. The 1/0 device 1120 may include a keypad,
a keyboard, and a display device. The memory device 1130
may store data and/or commands. When semiconductor
devices according to the foregoing example embodiments of
the inventive concepts are implemented using semiconduc-
tor memory device, the memory device 1130 may include at
least one of semiconductor memory device described in the
foregoing example embodiments. The interface 1140 may be
used to transmit/receive data to/from a communication net-
work. The interface 1140 may be a wired or wireless
interface. In some example embodiments, the interface 1140
may include an antenna or a wired/wireless transceiver.
Although not shown, the electronic system 1100 may
include an operating memory for improving the operation of
the controller 1110 and may further include a high-speed
dynamic random access memory (DRAM) and/or SRAM.

The electronic system 1100 may be applied to all types of
clectronic products capable of transmitting and/or receiving
information 1n a wireless environment, such as a personal
digital assistant (PDA), a portable computer, a web tablet, a
wireless phone, a mobile phone, a digital music player, and
a memory card.

FIG. 26 1s a block diagram of a memory card 1200
including a semiconductor device fabricated according to
some example embodiments of the inventive concepts.

Referring to FIG. 26, a memory card 1200 for supporting
high-capacity data storage capability includes a memory
device 1210 including a semiconductor device according to
some example embodiments of the inventive concepts. The
memory card 1200 includes a memory controller 1220 to
control data exchange between a host and the memory
device 1210,

An SRAM 1221 1s used as a working memory of the
processing unit 1222. A host mterface 1223 may include a
data exchange protocol of a host connected with the memory
card 1200. An error correct on code block (ECC) 1224
detects and corrects an error of data read from the memory
device 1210. A memory interface 1225 interfaces with the
flash memory device 1210. The processing unit 1222 per-
forms an overall control operation for data exchange of the
memory controller 1220. Although not 1llustrated 1n figures,
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it will be understood by those skilled 1n the art that the
memory card 1200 may further include a ROM to store code
data for interfacing with the host.

As described so far, a pattern structure including patterns
having a critical dimension (CD) may be fabricated between
mask patterns using a block copolymer material although 1t
1s dificult to achieve the CD using an extreme ultraviolet
(EUV) or double patterning technology (DPT) process.
Moreover, widths of patterns formed using properties of a
block copolymer material may be substantially equal to each
other. Thus, process reliability may be improved.

While the example inventive concepts have been particu-
larly shown and described with reference to example
embodiments thereot, it will be apparent to those of ordinary
skill 1n the art that various changes 1n form and detail may
be made therein without departing from the spirit and scope

of the mnventive concepts, which 1s defined by the following
claims.

What 1s claimed 1s:
1. A method comprising:
forming mask patterns on an etch target layer, the mask
patterns spaced apart from each other by at least one
opening;
filling the at least one opening with a block copolymer
material including first and second polymer blocks of
different properties; and
annealing the block copolymer material to form first
patterns and second patterns, the first patterns 1n con-
tact with facing sidewalls of adjacent ones of the mask
patterns, respectively, and at least one of the second
patterns between the first patterns, the first patterns
including the first polymer blocks and the second
patterns including the second polymer blocks,
wherein an upper surface of at least one of the first and
second patterns 1s flush with an upper surface of at least
one of the mask patterns; and
wherein the forming the mask patterns results 1n surfaces
of the mask patterns to be hydrophilic, the forming the
mask patterns further including hydrophobically modi-
tying the hydrophilic surfaces of the mask patterns.
2. The method as set forth 1n claim 1, wherein the forming,
the mask patterns 1s such that the at least one opening has a
width smaller than or equal to a length of a unit of a block
sequence 1n the block copolymer material, the block
sequence ncluding the first polymer block-the second poly-
mer block-the second polymer block-the first polymer block.
3. The method as set forth in claim 2, wherein the first
polymer block-the second polymer block-the second poly-
mer block-the first polymer block of the block sequence are
arranged sequentially from one of the facing sidewalls of the
adjacent mask patterns to another of the facing sidewalls of
the adjacent mask patterns 1in a horizontal direction.
4. The method as set forth in claim 2, wherein:
cach of the first patterns 1s hydrophobic; and
cach of the second patterns 1s hydrophilic.
5. The method as set forth in claim 2, wherein:
the block copolymer material includes polystyrene-block-
polymethylmethacrylate (PS-b-PMMA);
the first polymer block includes polystyrene (PS); and
the second polymer block includes polymethylmethacry-
late (PMMA).
6. The method as set forth 1n claim 3, further comprising:
selectively removing the second patterns; and
ctching the etch target layer using the first patterns and the
mask patterns as etch masks to form a pattern structure.
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7. The method as set forth 1n claim 1, wherein:
the block copolymer material includes polystyrene-block-
polydimethylsiloxane (PS-b-PDMS);
the first polymer blocks include polystyrene (PS); and
the second polymer blocks include polydimethylsiloxane 5
(PDMS).
8. The method as set forth 1n claim 7, turther comprising:
forming a neutral layer on the block copolymer material
and the mask patterns betore the annealing.
9. The method as set forth 1n claim 7, turther comprising: 10
removing the first patterns and the mask patterns; and
ctching the etch target layer using the second patterns as
an etch mask to form a pattern structure.
10. The method as set forth in claim 1, wherein:
the forming the mask patterns extends the mask patterns 15
in one direction, the mask patterns having widths equal
to each other; and
the at least one opening includes a first opening having a
first width and a second opening having a second width
smaller than the first width. 20
11. The method as set forth in claim 10, wherein the
forming the mask patterns i1s such that the first opening has
the first width equal to a length of a unit of a block sequence
in the block copolymer material, the block sequence includ-
ing the first polymer block-the second polymer block-the 25
second polymer block-the first polymer block.
12. The method as set forth in claim 1, wherein:
cach of the first patterns 1s hydrophobic; and
cach of the second patterns 1s hydrophilic.
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